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Methods
From 1969 to 1973, 20 patients with basilar artery occlusion were studied radiologically. The examinations consisted of right and/or left brachial arteriograms in 18 patients and biplane aortic arch arteriograms in two. In addition, angiography of the right carotid was performed in two patients and of the left carotid in four.
Each of the arteriograms was reviewed by one of us to establish the site and extent of the basilar artery occlusion and the type of collateral flow.
The chart of each patient was then reviewed for the data in table 1. Follow-up information was obtained on 19 patients with the cooperation of the family physician or the relatives.
During the same period, three patients with bilateral vertebral artery occlusion were studied in a similar way. A summary of their clinical information is found in table 2 (and  their angiographic findings in table 6 ).
Results
Ten of the 20 patients with basilar artery occlusion were men and ten women. Their ages ranged from 43 to 78 years, with one in the 40-49 year range, eight in the 50-59, six in the 60-69, and five in the 70-79.
Hypertension was present in 14 patients and arteriolonephrosclerosis was found in the one patient who had a postmortem examination but who was clinically normotensivea total of 15 hypertensives.
Two patients had rheumatic heart disease; both of them were normotensive but one had arteriolonephrosclerosis. Two normotensive patients had diabetes mellitus.
A history of vertebro-vasilar disease was not obtained in any patients, but three had suffered a stroke in the past, presumably owing to disease in the carotid system.
Only two autopsies were made but one was incomplete and the results of the second unobtainable.
The level of consciousness was regarded as a neurological function common to all patients and subject to systematic evaluation. We have, therefore, divided our patients into the In tables 7 and 8, the data have been listed to show relationships between the site of occlusion, collateral flow, and the level of consciousness. The basilar artery was arbitrarily divided into proximal, middle and rostral thirds, with the proximal portion extending from its origin to the origins of the anterior inferior cerebellar arteries (AICA), mid-portion from the origins of the AICA's to the origins of the superior cerebellar arteries (SCA) and rostral portion from the origins of the SCA's to the rostral end. If a patient lived beyond three months of the ictus, he was classified as a survivor.
Occlusion of the rostral end of the basilar artery occurred in ten patients, of the mid-portion in eight patients, of the proximal portion in one patient and in one the site of occlusion was unknown. Of the five survivors, the rostral end of the basilar artery was occluded in two, the mid-portion in two, and the proximal portion in one. Of those patients presenting with the severest depression of consciousness, namely coma, the basilar artery was occluded at its rostral end in seven, in its mid-portion in three and unknown site in one. In both these groups patterns of surface collateral flow were similar. Thus it would appear that the adequacy of the circulation in the penetrating pontine branches of the basilar artery is the critical factor determining the severity of the symptoms and the ultimate outcome of the disease. Although these vessels are below the resolution limits of conventional angiography, inadequacy of normal flow in these pathways can be inferred from clinical signs. Coma at the outset would appear to indicate actual occlusion with irreparable brainstem damage, as all patients in this category died. Those who survived all had less impairment of consciousness. They survived presumably because a sufficient number of penetrating pontine branches remained patent and were perfused indirectly from the collaterals reconstituting the circulation in the basilar artery. Except for one patient, this supply from the collaterals was inadequate as indicated by the persistent neurological deficit which was both extensive and severe. The basilar artery, which runs along the ventral aspect of the pons, has two sets of pontine branches: (1) a minute median set arises at right angles to the parent artery, and enters the median sulcus of the pons along its length and, (2) a transverse set, which runs laterally and subdivides into smaller branches which penetrate the ventral surface of the pons in a segmental fashion. The penetrating arteries, being 100 fi or less 1 and arising at right angles from the basilar artery, are very vulnerable to a reduction in flow, as well as to atherosclerosis at their origin from the parent vessel. Although considered end-arteries, collateral channels, which are functional as well as morphologic entities and which are of the order of 10 /u., have been demonstrated between adjacent vascular territories. 2 At the bifurcation of the basilar artery a group of median branches arises. These branches enter the posterior perforated substance in the floor of the interpeduncular space and supply the midline midbrain structures. Together with the lenticulostriates, they have the largest caliber of all the arteries penetrating the brain. 8 Called thalamoperforating arteries, they are divided into an anterior and a posterior group. The posterior thalamoperforating arteries (PTPAS) are retromammillary branches of the precommunicating segments of the posterior cerebral arteries and may be divided into interpeduncular, mesencephalic and thalamic divisions. They supply primarily the midbrain and thalamus. The anterior (ATPAS) arise from the posterior communicating arteries anterior and lateral to the mammillary bodies. They also can be divided into interpeduncular, paraventricular (hypothalamic) and thalamic segments.
While the pattern of the superficial vessels is highly variable, that of the intrinsic arterial supply to the brainstem is constant and of vital importance in understanding the symptomatology of basilar artery occlusion. Unfortunately, these vessels are below resolution limits in angiography and thus cannot be directly visualized. The most centrally located arteries are the longest and supply the motor nuclei on the floor of the fourth ventricle, their fibers, and the midline reticular formation. The more laterally placed arteries in the median group are distributed to the midline fiber tracts such as the pyramids, the corticospinal and cortico-bulbar tracts, medial longitudinal fasiculus, and the medial lemniscus. The lateral groups of the transverse set do not contribute a supply to the midline area. The arteries to the dorsal zone are derived from the longest lateral group and from branches of the posterior cerebral artery and occasionally from the superior cerebellar artery. They supply structures of the roof of the fourth ventricle and tectum of the midbrain. In addition, the peri-aqueductal gray matter may receive a small contribution from the median and para-median groups.
The area critical to consciousness in man is the paramedian pontine tegmental gray matter immediately ventral to the ventricular system, extending continuously from the posterior hypothalamic reticular formation rostrally to approximately the lower one-third of the pontine tegmentum caudally.
the posterior communicating and posterior cerebral arteries.
The dynamics of the posterior fossa circulation in basilar artery disease must also be considered in understanding the initial symptomatology and its evolution. Normally, the pressure of the arterial blood through the basilar artery is high and the flow rapid, while the pressure in the small rami is low and the flow rate reduced. The pressure of blood in an artery is proportional to its cross-sectional area and the resistance to flow from a large channel to a smaller one with a small ostium is increased. The increased resistance is proportional to the number of the small channels.
1 Should the pressure fall, as in basilar artery narrowing, or in occlusion with inadequate collateral flow, ischemic anoxia develops. This occurs in the area of supply of the penetrating arteries. Actual thrombosis may occur in the stagnant arterial bed. Examination of the response of the intrinsic brainstem circulation to anoxia or decreased perfusion seems crucial to the understanding of this disease and the demonstration of surface collaterals is in no way an indication that the penetrating vessels are being adequately per- fused. Fisher 8 in his careful pathologic study of lacunar infarcts in the pons in hypertensive patients has shown very clearly how progressive atherosclerotic disease of the basilar artery compromises the ostia, thereby decreasing the collateral potential and increasing the risk of infarction when the perfusion pressure falls below the critical level. However, infarction does not invariably follow thrombosis of the pontine penetrating arteries, indicating adequacy of the intrinsic collateral flow in certain cases. 8 Hypertension plays a significant role in basilar artery disease, 5 perhaps by accelerating the atherosclerotic process but TABLE 7 more importantly by reducing the number of collateral vessels. 6 Of the five normotensive patients in this series, three survived. Only one hypertensive patient remained alive and he was the youngest of the group (43-years-old). Two normotensive patients died, one as a result of embolic occlusion of the basilar artery; the other had diabetes mellitus which may have contributed to the severity of the atherosclerotic process affecting the basilar artery.
In our series occlusion of the basilar artery varied in both extent and site in those patients who succumbed. Those who survived had similar variabilities and both groups demonstrated surface collateral flow of similar type. Three of the four survivors (table 6) 
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•Basilar artery divided into following segments: 1. Proximal third (origin to proximal to origin AICA); 2. Middle third (origin of AICA to origin SCA); 3. Distal third (distal to origin SCA to rostral end). **Death within three months of ictus. ***\Vas comatose, quadriparetic, and 78 years old. On transfer presumed dead but lost to follow-up.
quality was poor. The fourth survivor was the youngest of the group but was hypertensive. Thus it would appear that hemodynamic changes occur at the time of basilar artery occlusion which may quickly result in occlusion or cessation of adequate flow in its penetrating branches and which in turn may result in disruption of the significant control mechanism for respiratory function, 4 thereby causing death. These changes are below the resolution limits of present angiographic equipment and therefore escape detection. (For a summary of follow-up data, see table 9 .)
The report of Moscow and Newton 7 of nine cases of basilar artery occlusion is at variance with our conclusions. Six of their patients survived, one each for one, three, four, and six months, and two for five years. All patients, including the three who died in one day, one month, and two months, had occlusion of the basilar artery just proximal to the origins of the SCA. In all but one patient, the occlusion extended to its origin. The exception extended just distal to the origins of the AICA's. In each case the rostral end of the basilar artery was patent. The posterior cerebral and superior cerebellar arteries were opacified in all nine patients via collateral flow, in seven via the posterior communicating artery and in two via pial anastomoses from the middle cerebral arteries to the posterior cerebral arteries. Histories were given on only three survivors, ages 43 years, 49 years, and 58 years. Each of these patients was doing well except for mild neurological deficits. Thus, it would appear that in this particular group collateral circulation to the hypothalamus and paramedian midbrain and pontine structures was adequate to maintain mental status with only minimal neurological deficit. No clinical or postmortem information was given about those patients who did not survive.
Drake's 8 report of five deliberate and two forced occlusions of the basilar artery for the treatment of basilar artery aneurysm supports our findings. Of the four patients with occlusion of the rostral end of the basilar artery three died or suffered a severe neurological deficit but one survived with little deficit. The one patient with involvement of the mid-portion of the basilar artery also died. The two patients in whom the basilar artery was occluded at its origin survived with little or no deficit. These patients were considerably younger than those reported in our series, ranging in age from 14 to 44 years except for one woman who was 59. Only two of the patients were hypertensive. Drake's conclusion was "occlusion of the basilar artery is dangerous" even when collateral flow to the basilar artery via the posterior communicating arteries is demonstrated by angiography or at surgery. The three patients with bilateral vertebral artery occlusion but with an intact basilar artery are aliveat one, two, and five years after the ictus. Two have persistent gait ataxia and are unable to work. The other, who had a subclavian steal syndrome, was asymptomatic after surgery.
